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Abstract—A novel double bands ceramic fractal antenna 
working at 2.4 GHz and 5.8 GHz is designed for the minimization 
requirement of RFID tag antenna. The simulated results show 
that when VSWR (Vertical Standing Wave Ratio) is less than 2, 
the antenna absolute bandwidths are up to 0.39 GHz and 1.85 
GHz in 2.4 GHz and 5.8 GHz  respectively , with relative 
bandwidths up to 15.20% and  35.82% respectively,. Considering 
engineering processes, the influence of dielectric constant εr and 
substrate thickness are studied in detail. At last we proposed an 
optimized antenna with duel fractal structure, which can cover 
all primary frequency bands of RFID system, from 2.17 GHz to 
7.05 GHz. 
Keywords-radio frequency identification; tag antenna; ceramic 
fractal antenna; UWB antenna 
I. INTRODUCTION
 Along with the quick progress of wireless and microwave 
communications, various antennae are playing more 
important role in the development of RFID (radio frequency 
identification) systems. Differing from common antenna, 
RFID tag antenna is needed to be placed in the tag limited in 
size, and face development trends of minimization, low cost 
and low exhaust. Therefore, searching for new packed and 
flexible structures has been the key research area in whole 
RFID system design 
[1-2].
In 1975, Mandelbrot put forward the concept of “fractal” 
[3]. In 1990, D. L. Jaggard proposed the concept of Fractal 
Electrodynamics [4]. Being one of numerous application topics 
in Fractal Electrodynamics [5-8], the fractal antenna has 
absolute advantages compared with normal antennas, such as 
strong radiation ability and whole direction radiation 
characteristic, simple fabrication process and low cost. Here 
taking the ceramic with high dielectric constant as dielectric 
board substrate, a special fractal antenna for RFID system is 
designed to get better properties 
Figure 1 The structure scheme of  a rectangle  microstrip antenna
II. STRUCTURAL DESIGN OF CERAMIC FRACTAL ANTENNA
The basic model of fractal antenna is a rectangle   microst
rip antenna, as shown in Fig.1. All the dimensions of antenna 
can be past to similar formula as the following computation, 
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where all dimensions, W, L, W0, L0 and h, are shown in Fig. 1. 
εr and εe are dielectric constants of substrate and equivalent one, 
g and f  are waveguide wavelength and frequency, respectively. 
     
Figure 2. The structure scheme of the fractal antenna
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TABLE 1. THE SIZE OF EACH CLASS RECTANGLE MICROSTRIP 
ANTENNA




2 4 2 
3 2 1
4 1 0.5 
 For RFID system working in ISM frequency section, the 
basic bandwidth requirements of the antenna are about  2.4 
2.4835 GHz and 5.725 5.875 GHz. We designed a new 
fractal antenna structure,  which is constituted by four sub-
basis rectangle microstrip antenna as depicted in Fig.2. Also, 
the size information of each sub-basis rectangle microstrip 
antenna is listed in Table 1. Here a ceramic dielectric board of   
thickness h as 3 mm and dielectric constant εr as 10 is used, 
together with a whole piece of metals plank  of 34 mm 30 
mm as the grounded plane of antenna. 
III. PERFORMANCE SIMULATION AND ANALYSIS OF 
CERAMIC  FRACTAL  ANTENNA
A. Performance simulation
 In the discussion of the electromagnetic radiation 
characteristic for ceramic fractal antenna, finite difference 
time domain method (FDTDM) is widely applied,  combined 
with the grid method  put forward by K. S. Yee in 1966 [10].
Simulating and analyzing the performance of designed 
ceramic fractal antenna, the return loss and directional 
characteristics are given in Fig.3 (a), (b) and (c) respectively. 
It is known that S11 is less than −10 dB correspond to VSWR 
(vertical standing wave ratio) less than 2. Under such 
condition, it can be seen that the antenna working frequency 
bands are between 2.37  2.76 GHz and 4.24  6.09 GHz 
respectively, with typical bandwidth of 0.39GHz and 1.85GHz 
or relatively bandwidth of 15.20% and 35.82%. Within the 
working bands, the lowest return loss S11 is −19.13 dB and -
16.72 dB apart. It proves that the return loss characteristic for 
the novel design is better and the bandwidth can satisfy the 
basic request. From H and E patterns profile of the antenna, it 
is obvious that this ceramic fractal antenna has hemisphere 
directional radiation characteristic. 
(a) The return loss characteristic
(b) H patterns (c) E patterns 
Figure 3.  The return loss and directional characteristics of  
        ceramic fractal antenna working at 2.4 GHz and 5.8 GHz 
B. Influence of  dielectric constant on antenna performance 
In order to make better use of this novel fractal antenna in 
real process, the influence of different dielectric constant εr on 
its performance has been discussed through a series of 
simulations.  The results are listed in Table 2, from which it 
can be seen that the bandwidths in two working bands of 
antennae all let up gradually with a little increase of dielectric 
constant. At the same time the lowest return loss value S11 of
antenna enlarge gradually, that means the return loss 
characteristic getting worse gradually. Moreover, the 
bandwidth and relatively bandwidth of antennae let up 
gradually for VSWR less than 2. So in practical processing, 
choosing the substrate with adequacy lower dielectric constant 
can improve antenna performance obviously. 
TABLE 2. INFLUENCE OF DIELECTRIC CONSTANTS ON ANTENNAE  
PERFORMANCE  TABLE TYPE STYLES







9.0 2.49 2.93 -20.11 0.44 16.27%
9.2 2.46 2.89 -19.46 0.43 16.10% 
9.4 2.44 2.86 -19.38 0.42 15.85%
9.6 2.42 2.83 -19.22 0.41 15.62% 
9.8 2.40 2.80 -19.16 0.40 15.38% 
10.0 2.37 2.76 -19.13 0.39 15.20%
10.2 2.35 2.73 -19.86 0.38 14.96% 
10.4 2.33 2.70 -21.72 0.37 14.71%
10.6 2.31 2.67 -21.77 0.36 14.46% 
10.8 2.29 2.64 -21.91 0.35 14.20%
11.0 2.27 2.60 -22.42 0.33 13.55%







9.0 4.47 6.46 -21.68 1.99 36.41% 
9.2 4.42 6.38 -19.13 1.96 36.30% 
9.4 4.37 6.30 -18.36 1.93 36.18%
9.6 4.33 6.23 -17.43 1.90 35.98% 
9.8 4.29 6.17 -16.97 1.88 35.97% 
10.0 4.24 6.09 -16.72 1.85 35.82%
10.2 4.20 6.02 -15.59 1.82 35.62% 
10.4 4.16 5.96 -15.82 1.80 35.57%
10.6 4.12 5.90 -16.39 1.78 35.53% 
10.8 4.09 5.83 -17.02 1.74 35.08%
11.0 4.05 5.77 -17.97 1.72 35.03%
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C. Influence of the thickness of substrate on antenna 
performance 
 Similarly, the influence of different substrate thickness on 
the performance of the fractal antenna has also been discussed 
with the results listed in Table 3. 
It can also be seen that with a little increase of the 
thickness, the bandwidths in two working bands of antennae 
all enlarge gradually. But the lowest return loss value S11 of 
antennae let up gradually, that means the return loss 
characteristic getting better gradually.  
     Moreover, the bandwidth and relatively bandwidth of 
antenna enlarge gradually for VSWR less than 2. For 
improving antenna performance, it is necessary to choose 
adequacy thickness of circuit board in practical processing to 
make the return loss characteristic and working bandwidth all 
meet the requirements. 
IV. DESIGN AND SIMULATION OF  WIDEBAND CERAMIC 
FRACTAL ANTENNA
The working frequency sections around 2.4  5.8 GHz 
have greatest application foreground for modern RFID system, 
which needs a novel antenna covering these frequency 
sections. So, special research on wideband ceramic fractal 
antenna has been done. For the sake of work bandwidth by 
covering whole frequency segment of 2.4  5.8 GHz, we 
apply a fractal structure on the grounded plane of the ceramic 
fractal antenna discussed above, as shown in Fig.4. 












2.0 2.40 2.67 -17.05 0.27 10.65% 
2.2 2.39 2.69 -17.33 0.30 11.81% 
2.4 2.39 2.70 -17.50 0.31 12.18% 
2.6 2.38 2.72 -17.60 0.34 13.33% 
2.8 2.37 2.74 -18.23 0.37 14.48% 
3.0 2.37 2.76 -19.13 0.39 15.20% 
3.2 2.36 2.77 -20.07 0.41 15.98% 
3.4 2.36 2.79 -20.91 0.43 16.70% 
3.6 2.36 2.80 -21.64 0.44 17.05% 
3.8 2.36 2.82 -22.23 0.46 17.76% 
4.0 2.35 2.83 -22.68 0.48 18.53% 
h
(mm)








2.0 4.46 5.84 -13.24 1.38 26.79% 
2.2 4.42 5.92 -13.48 1.50 29.02% 
2.4 4.37 5.98 -13.83 1.61 31.11% 
2.6 4.33 6.02 -14.42 1.69 32.66% 
2.8 4.28 6.06 -16.05 1.78 34.43% 
3.0 4.24 6.09 -16.72 1.85 35.82% 
3.2 4.20 6.10 -17.17 1.90 36.89% 
3.4 4.16 6.11 -17.51 1.95 37.97% 
3.6 4.12 6.12 -18.59 2.00 39.06% 
3.8 4.09 6.12 -18.90 2.03 39.76% 
4.0 4.05 6.13 -19.37 2.08 40.86% 
Figure 4. The structure scheme of the  fractal structure on the grounded plane 
The return loss characteristic and patterns of designed 
wideband ceramic fractal antenna are simulated and analyzed, 
with the results as given in Fig.5 (a), (b) and (c) respectively. 
It can be found that the antenna working frequency band 
covers 2.17 7.05 GHz together with4.88 GHz bandwidth 
and 105.86% relatively bandwidth, at which the lowest return 
loss S11 is −19.33 dB. 
(a) The return loss characteristic 
(b) H pattern (c) E pattern 
Figure 5.  The return loss characteristic and patterns  of wideband ceramic 
fractal antenna 
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 Obviously, this novel wideband ceramic fractal antenna 
has better return loss characteristic and its bandwidth can 
satisfy the basic requirement, i.e. covering a wide working 
frequency section. Also, H and E patterns of developed 
antenna show hemisphere direction radiation characteristic. 
V. CONCLUSION
 In this paper, a kind of new fractal antenna has been 
discussed in detail, for which approximate design formula is 
given. A ceramic fractal antenna is designed for working at 
2.4 GHz and 5.8 GHz, at which the lowest return loss value 
S11 is −19.13 dB and −16.72 dB correspondingly. The 
simulated and analyzed results show that its return loss 
characteristic is improved with bandwidth able to satisfy the 
basic requirement and hemisphere direction radiation 
characteristic. 
 Analyzing the known sensitive parameters of the antenna, 
we find more specific adequacy lower dielectric constant and 
a bit increase on thickness can improve the antenna 
performance obviously. 
Aiming at the development requirements of modern RFID 
system, an ultra wideband antenna is designed successfully 
based on this novel ceramic fractal antenna. Its working 
frequency band covers 2.17  7.05 GHz along with 4.88 
GHz bandwidth and 105.86% relatively bandwidth, at which 
the lowest return loss S11 is −19.33 dB. Moreover, the 
corresponding antenna bandwidth and relative bandwidth for 
VSWR less than 2 present that the performance of antenna 
can be modified markedly, also with hemisphere direction 
radiation characteristic. 
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